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Agriculturalists in Brasil’s  Zona Bragantina are balancing short term social and economic 
goals with the long term productivity of their agroecosystems. While these goals often times 
are seen as conflicting, the implementation of agroforestry systems through EMBRAPA’s 
Projeto Tipitamba has provided an opportunity for farmers in the region to intercrop quick 
growing, marketable, non-timber forest products with highly valued lumber species all on the 
same area of land. As Projeto Tipitamba also provides the associated farmers with access to a 
bush-chopper, it also allows for farmers to stop swidden, slash-and-burn, agriculture and 
convert to chop-and-mulch land preparation. As a result, the agroforestry systems (SAFs) in 
the Projeto Tipitamba are a mixture of areas that have been burned or treated with mulching—
creating differences in tree growth within and between areas. The purpose of this study was to 
evaluate the role of agroforestry design—tree spacing, arrangement, and species choice—and 
land-use history on tree growth in three different agroforestry systems, two of which were 
burned and one which was mulched. Underlying this study was the creation of a geospatial 
information system(GIS) that was used to not only catalog the design of the SAF, but also to 
spatially analyze relationships between tree growth and proximity to tree species and 
individuals within each area.  Samples of tree diameter and height for paricá, mogno, teca, 
and açai, were collected from each agriculturalist’s agroforestry system and input into the 
GIS. The data revealed that there are relationships between tree growth, tree spacing, and 
species distribution within SAFs. The data also revealed that for certain species, these tree 
growth relationships were correlated to differences in land preparation methods prior to 
planting the SAF. While agroforestry design is changing tree growth within SAFs, ultimately, 
this study shows that despite the land-use history, agroforestry systems have the ability to 
satisfy short- and long-term needs for resource poor farmers who wish to invest in long-term, 
sustainable land-use.  As species interactions within agroecosystems are highly complex, this 
study simply seeks to point out potential relationships between tree growth patterns and 










Agricultores na Zona Bragantina Brasil estão equilibrando a curto prazo objetivos sociais e 
econômicos com a produtividade a longo prazo de seus agroecossistemas. Embora esses 
objetivos muitas vezes são vistos como contraditórios, a implementação de sistemas 
agroflorestais através de Projeto Tipitamba da EMBRAPA tem proporcionado uma 
oportunidade para os agricultores da região de consorciar o rápido crescimento comercial de 
produtos florestais não-madeireiros com espécies de madeira altamente valorizada todos na 
mesma área de terra . Projeto Tipitamba como também fornece aos agricultores associados 
com acesso a um trator, ele também permite que os agricultores para parar a quima e 
converter para “chop-e-mulch” preparação da terra. Como resultado, os sistemas 
agroflorestais (SAFs) na Projeto tipitamba são uma mistura de áreas que foram queimadas ou 
tratadas com “mulching” de criação de diferenças no crescimento das árvores dentro e entre 
áreas. O objetivo deste estudo foi avaliar o papel dos sistemas agroflorestais espaçamento 
projeto da árvore, arranjos e escolha de espécies e da história do uso do solo sobre o 
crescimento de árvores em três diferentes sistemas agroflorestais, dois dos quais foram 
queimados e uma que foi mulched. Subjacente a este estudo foi a criação de um sistema de 
informação geoespacial (SIG) que foi usado não só para o catálogo do projeto da SAF, mas 
também espacialmente analisar as relações entre o crescimento das árvores e proximidade 
com espécies de árvores e indivíduos dentro de cada área. Amostras de diâmetro da árvore e 
altura para paricá, mogno, teca, e açaí, foram coletadas de cada agricultor do sistema 
agroflorestal e de entrada para o SIG. Os dados revelaram que existem relações entre o 
crescimento das árvores e espaçamento de árvores e distribuição de espécies dentro de 
SAFs. Os dados também revelaram que para certas espécies, esses relacionamentos o 
crescimento das árvores foram correlacionadas às diferenças nos métodos de preparo do solo 
antes do plantio do SAF.Quando o projeto agroflorestal está mudando o crescimento das 
árvores dentro de SAFs, em última instância, este estudo mostra que, apesar da história do uso 
do solo, sistemas agroflorestais têm a capacidade de satisfazer as necessidades de curto e 
longo prazo para os agricultores de poucos recursos que pretendem investir no longo 
prazo, uso sustentável da terra. Como interações entre espécies dentro de agroecossistemas 
são altamente complexas, este estudo visa apenas apontar possíveis relações entre os padrões 
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Agriculturalists in Amazonia are facing tradeoffs between subsistence, agricultural 
production for the market (food crops and wood), and land recuperation; these tradeoffs are 
ultimately affecting the long-term sustainability of agriculture and, more broadly, ecosystem 
services in the region. In order to reconcile these conflicting social, economic, and 
environmental forces, an alternative, fire-free fallow agriculture system coupled with 
agroforestry has been organized and developed in Zona Bragantina, one of the oldest 
agricultural regions in the Amazon. The Empresa Brasileira de Pesquisa Agropecuária 
(EMBRAPA), through the creation of Projeto Tipitamba, is providing a medium through 
which agriculturalists can, through co-management, establish diverse, long-term, low-input 
food production systems that use a combination of mulching and intercropping to reduce 
deforestation and soil degradation and eliminate slashing-and-burning. The power of Projeto 
Tipitamba  lies in the autonomy of the associated agriculturalists to not only choose the 
diversity of tree crops in their Sistema Agrofloresteis (SAFs), also known as agroforestry 
systems, but also in the development of SAFs suited to local, social and environmental 
conditions. As the implementation of SAFs in the region are thus experimental in nature, 
attempting to understand how farmers have and are actively changing their environments lies 
in understanding how their management decisions (arrangement of tree crops, species choice, 
and number) are manifesting.  
Since 1998, agriculturalists in Projecto Tipitamba have been intercropping a high 
diversity of fruit and wood crops (DiRocco, 2011) on various sizes of land (0.02ha – 1.14ha) 
and in different arrangements. While short term benefits are mostly realized by the sale of 
fruit on the market and for consumption in the household, the ultimate goal of intercropping 
fruit and wood species in these SAFs is to reduce deforestation and degradation by 
lengthening production time, diversifying land-use, and using trees to recuperate degraded 
soils.  
The ability of intercropped tree species to provide physical, chemical, and biological 
benefits to soils in agricultural systems is undeniable (Cardoso, 2002., Kang, 1997., Young 
1997., Nair 1987.,  Alteri and Ferrell, 1984.,) but not absolute. In these systems, complex 
species interactions, land-use history, and soil conditions coalesce to affect plant growth and 
mortality. As time, labor requirements, and the sustainability of production are important to 
small farmers with limited resources, managing production with short- and long-term social 
and environmental goals in mind may be attributed to how agriculturalists have chosen and 
arranged the trees in their agroforestry systems.  
The agroforestry systems in Projeto Tipitamba are recuperating from intensive land-
use and are characterized by varying levels of available soil nutrients needed for plant growth. 
Furthermore soil fertility differences between systems are heightened between SAFs that have 
been slashed-and-mulched versus those that have been slashed-and-burned. While the 
availability of soil nutrients are an important factor for tree growth, tree arrangement and 
spacing may be influencing the way in which trees are allocating these nutrients for growth. 
Thus tree growth differences between SAFs may be more influenced by tree spacing than 
nutrient availability alone. In this way, the initial management decisions of agriculturalists in 
Projeto Tipitamba have and are directly affecting their rate of production.   
 This study examines three different agroforestry systems in the municipalities of 
Igarapé-Açu and Marapinim, Pará, Brasil. Spatial variability within each sistema was 
compared to relative tree height and diameter to measure the way in which tree distribution 
within each SAF may be affecting growth. 
Underlying this study was the creation of a geospatial information system (GIS) that 
was used to spatially reference the agroforestry systems. By using GIS technology, maps were 
used to not only analyze the current SAF conditions, such as spacing between species and 
individual trees, but also to establish a long-term, spatially referenced monitoring system for 
EMBRAPA. In this way, changes in each SAF can be effectively tracked through time.  
This study may have important implications for on-farm resource management for 
small farmers in the Zona Bragantina who are not only in Projeto Tipitamba, but also for 
small farmers who are interested in applying agroforestry principles to their production 
systems. Ultimately this study attempts to add to the understanding of the role that 
agroforestry design in small farmers’ diverse agroecosystems are affecting  tree growth and 





Traditional agricultural systems in Amazonia have long been reliant on fallow slash-
and-burn land preparation to provide soils with the necessary nutrients for food-crop growth 
(M. Denich et al. 2005., Hecht, 1995., Alteri 1995). Slash-and-burn agriculture, also known as 
shifting cultivation or swidden agriculture, is defined as “an agricultural system in which 
temporary clearings are planted for a few years with annual or short-term perennial crops, and 
then allowed to remain fallow for a period longer than they were cropped” (Alteri 1995). 
While there are benefits to the burning of fallows—short-term nutrient availability, increases 
in soil pH from soil alkalinity, increased access for sowing, and a reduction of weeds, pests 
and diseases—there is a net loss of nutrients as they become volatilized through burning (M. 
Denich et al. 2005, Kato et al 1999). Without any accumulation of biomass, soil organic 
matter is unavailable to provide the necessary chemical (nutrients), physical (preventing soil 
erosion, conserving moisture, suppressing weed growth, etc) and biological benefits (large 
and diverse populations of soil organisms and bacteria, etc) that are characteristic of “healthy” 
soils. Healthy soil, in its most basic sense, is soil in which “healthy high yielding and 
nutritious crops can be grown with a minimum of adverse impacts on the environment” 
(Magdoff 1995). Thus, conditions for the development of healthy soils in the tropics are being 
compromised through contemporary swidden agriculture. 
Shifting cultivation has not always had such degradative effects on agroecosystems 
(McNeill 1986). Slash-and-burn agriculture has been a part of tropical food production since 
the first crop cultivars were first planted. In the past, local and indigenous groups were able to 
engage in diverse, multi-culture production regimes that were adapted to edaphic limitations 
(e.g. low nutrient availability), natural disturbance, and Nature’s uncertain phenology 
(Brondizio 2008, Glaser 2007). These systems, however, existed without competition from 
larger social and economic forces such as land privatization and consolidation and non-
subsistence crop production, respectively. As larger social structures and economic markets 
began to develop, especially with respect to the development of the World System (the system 
in which countries and regions are tied together in political and economic competition) and 
neoliberal economics, the “sustainablity” of small holder and local and indigenous food 
production systems began to decline—a decline that has continued and become even more 
prevalent today. 
Chop-and-Mulch, Agroforestry and Projeto Tipitamba: 
In Amazonia, increasing pressure on land has been attributed to increasing market 
demand and food production pressure, gavelkind (the cultural practice of dividing family land 
holdings evenly among sons), and Brazilian land laws (M. Denich et al. 2005). These 
pressures have reduced the ability of fallows to regenerate and thus the ability of forest 
regrowth to provide nutrients for crop production. This intensification of the fallow, which is 
either caused by a lengthening of the cropping period and/or shortening of the fallow period, 
motivates agriculturalists to clear primary or mature secondary forests in order to open up 
suitable land for crop growth (M. Denich et al. 2005., Alteri 1995). Deforestation for 
agricultural development exists in a feedback loop; the aforementioned social pressures only 
further motivate degradative agricultural practices in the form of intensifying the fallow 
system in shifting cultivation or opening up land for cattle grazing. Until recently, developing 
socially and economically viable fire-free agricultural alternatives in the tropics had been 
somewhat restricted. Over the years it has become clear that purely agronomic or economic 
solutions are not enough to develop more sustainable agroecosystems (M. Denich et al. 2005, 
Kato et al. 1999).  
Since 1998, EMBRAPA has been working with small farmers in Zona Bragantina to 
develop and implement a chop-and-mulch agroforestry alternative through Projeto Tipitamba. 
Through this project, EMBRAPA has been working directly with farmers providing the 
necessary technologies and assistance to implement a fire-free alternative to agricultural 
development that is able to sustain production with minimal inputs.  
Project Tipitamba has joined 41 farmers from 5 different communities into a collective 
in which their participation in the project grants them access to a bush-chopping tractor that 
effectively fells dense secondary fallow vegetation into a mulch layer which allows farmers to 
fertilize their crop fields without burning. The decomposing mulch, coupled with agroforestry 
provides a number a physical, chemical, and biological benefits such as weed suppression, 
inputs of organic matter, suppression of pests, soil-temperature regulation, reduction of soil 
evapotranspiration, erosion reduction/control, habitats for soil micro- and macro fauna, run-
off reduction, shade, wind-breaks, and more efficient nutrient cycling (Young 1997, Nair 
1987). Project Tipitamba is one solution that has shown success not only in creating more 
nutrient rich soils and fallow vegetation, but also in creating more biodiverse agroecosystems 
(DiRocco 2011, M. Denich et al. 2005, Kato et al. 1999). While these benefits can and are 
being realized, they are being captured at varying levels that farmers may or may not be aware 
of. As agriculture is inherently experimental in nature, examining how these agriculturalists 
have designed, experimented, and managed their tree and crop resources may have important 
implications for the continued success of agroforestry systems in the region.  (The map below 
shows the locations of the farmers in Projeto Tipitamba) 
 
(Map: Lee 2011) 
 At the start of Projeto Tipitamba in 1998, the participating agriculturalists chose the 
species of woody forestry crops they wanted to grow on their respective plots. A combination 
of lumber trees (Teca, Mogno, and Paricá) and woody fruit trees/palms (Açai, graviola, 
laranja, limão, cupuaçu, caju, coconut, tanjarina, cacao, and urucum) were then arranged by 
both forest engineers from EMBRAPA and the agriculturalists into varying levels of 
organization from “very structured” to “unorganized,” “clumped” to “evenly” distributed, and 
from “highly diverse” to “less diverse.” Since 2000, the agriculturalists in Projeto Tipitamba 
have been managing their SAFs based on their own agronomic knowledge and with the help 
of agronomists and foresters at EMBRAPA.  
Agroforestry and Projecto Tipitamba: 
There are many definitions of agroforestry and there is not one unanimously agreed-
upon definition, however one suitable and suggested definition proposed by the International 
Council for Research in Agroforestry (ICRAF) is: “Agroforestry denotes a sustainable land 
and crop management system that strives to increase yields on a continuing basis, by 
combining the production of woody forestry crops (including fruit and other crops) with 
arable or field crops and/or animals simultaneously or sequentially on the same unit of land, 
and applying management practices that are compatible with cultural practices of the local 
population” (Alteri and Ferrell, 1995., ICRAF 1982,). More simply, agroforestry is the spatial 
and/or temporal distribution of trees with agricultural crops and/or animals (Alteri and Ferrell 
1995). Agroforestry is thus looking to use successional dynamics to create systems of 
complementary trees and crops that are maximizing the potential of the land on which they 
exist.  
In this study, the agroforestry systems are defined by the same criteria above. This 
study consists of one sistema that was treated with mulch technology and two sistemas that 
were slashed and burned prior to planting the SAF. The agroforestry systems in Projeto 
Tipitamba are generally composed a mixture of lumber, legume, and fruit trees, but 
sometimes include low-lying ground crops such as manioc or vine crops such as pimento do 
reino.  
 
Non-fruit treess in SAFs 
 Fruit, wood, and legume trees are arranged differently between SAFs; each species 
playing a unique role in the sistema. Besides açai (Euteurpe oleracea), there are three main 
tree species that function as proxies for total system growth in this study (Paricá, mogno, and 
tecá). As each tree species has different growth habits, it is worth noting the way in which 
different species characteristics might be reflected based on different nutrient levels and 
spacing between SAFs. Here, paricá (Schizolobium amazonicum Huber ex Ducke), mogno 
(Swietenia macrophylla), and teca (Tectona grandis) are briefly discussed.  
 
Parica 
The first and most prominent feature of the sistemas is the presence of the tall, fast 
growing paricá (Schizolobium amazonicum Huber ex Ducke). Paricá occurs naturally in many 
places in South America including Bolivia, Columbia, Costa Rica, Ecuador, Honduras, 
Mexico, and Peru (Carvalho 2007). In Brasil, Parica has been found mainly in the northern 
states of Acre, Amazonas, Pará, Mato Grosso, and Rondônia (Carvalho 2007).  Paricá is an 
early successional species that grows well on highly disturbed soils—their use for 
recuperating degraded land in the tropics is well known (Lourdes Pinheiro Ruivo et. al, 2010., 
Carvalho 2007). Paricá grows well in very acidic soils (pH 4.5) and in soils with very low 
levels of Potasium (K) and phosphorous (P)(Carvalho 2007). Shizolobium, however does not 
tolerate lower temperatures and shows the best growth when in full sunlight (Carvalho 2007).  
It has been found that the optimum growth spacing for this species is 4m x 3m or 4m x 
4m, which promotes further growth (Carvalho 2007, Rondon 2002).  Studies have been 
conducted to examine the growth rates of the paricá after 60 months. The results are as 
follows: 
 
(Graph adapted from Rondon 2002) 
The study concluded that after 5 years tree height and diameter was highest in tees spaced at 
4m x 4m (Rondon 2002). In maximum, Paricá has been found to grow up to 25m in height.  
The trunk of the Paricá is well rounded and straight, but can be affected negatively by 
windthrows which cause the shaft to curve, lessening its price in the market (Rondon 2002, 
Carvalho 2007). The bark can measure up to 15mm in thickness, and while young bark will 
remain continuous across the trunk, the bark of older paricá begin to exhibit cracking into 
rectangular plates (Pennington & Sarukhán, 1998). The wood produced by Schizolobium 
amazonicum is moderately dense (30g/cm3 to 62g/cm3) (Rodriguez Rojas & Sibille Martina, 
1996., Paula, 1980)  and is well sought after in local, regional, and international markets, 
making it an important source of potential income when considered mature (typically at 45cm 
DBH Avila and lima 1995). The wood has a number of uses including, but not limited to the 
production of: plywood, toys, Light crates, doors, parquets (carvalho 2007), energy in the 
form of burning (carvalho 2007), cellulose for paper (carvalho 2007), and medicine—against 
dysentery and uterine bleeding (Berg, 1982).  
Mogno 
Mogno can be evergreen or deciduous depending on the climate and occurs in both 
tropical and temperate regions. Mogno grows naturally in many countries in Latin America 
including Belize, Bolivia, Columbia, Guatemala, the French Guianas, Honduras, Mexico, 
Nicaragua, Panama, Peru, and Venezuela. In Brazil, mogno is found in the Amazonian state 
of Acre, Amazonas, Maranhão, Mato Grosso, Pará, Rondonia, and Tocantins, but also has 
been introduced to other regions of the country including locales in the south such as Sáo 
Paulo and Rio de Janiero (Carvalho 2007., Pereira & Fernandes, 1998). Despite its ability to 
grow in many different climate conditions, it is considered a rare species because it generally 
does not occur far from its seed source (Carvalho 2007). Thus mogno grows in clusters, and 
rarely in nature will there be more than 8 growing together in a single hectare. In an 
anthropogenic, agroforestry system, however this of course will not be the case.  
 Mogno is a slow to moderately-fast growing, late successional species that, in 
maturity, can reach up to 70m in height and 3.5m in diameter at breast height (Carvalho 2007, 
(grogan et al 2010). Mogno is shade-tolerant but has high light-demands for optimal growth. 
The best growth occurs on well-drained, deep, fertile soil with a pH of between 6.5 and 7.5. 
(SOERIANEGARA &Lemmens, 1993). For this species, Phosphorous is a major limiting 
nutrient for growth of Mogno seedlings (carvalho 2007). The trunk of mogno is straight and 
cylindrical with a bark thickness of generally 25mm.The crown is narrow and grows with 
limited lateral branching. Mogno are a flowering unisexual species that produces a small 
woody fruit. Flowering generally occurs in august and September in the Amazonas states. 
Mogno produces seeds annually which are an important source of spreading and maintaining 
production.  
This species is highly suited for line planting whereby optimal spacing has been found 
to be 4m x 4m or 4m x 7m (carvalho 2007). Mixed systems, planted in a banded fashion with 
good light availability for mogno have been found to increase mogno height by 0.5m a year 
(carvalho 2007).  Mogno rotation generally is between 40 to 60 years, but can be harvested at 
circa 25 years where height is about 22m and DBH is 60cm.   Presented here are the results of 
mogno growth based on different spacing and time in different regions in Brazil: 
 
(Graph adapted from Carvalho 2007) 
Mogno is a highly valued national and international lumber tree. It is highly resistant 
to rotting, cracking, and warping which make it an important wood source for construction 
and building, scientific and musical instruments, specialty wood products, and even in 
airplanes (Carvalho 2007). Even the bark has a unique use as a cloth and tanning dye. 
Furthermore, mogno plays an important role in urban landscaping (Lorenz, 1992). 
For many farmers, the biggest difficulty with mogno is maintaining production over 
time and protecting it from pests and diseases, but intercropping has been found to reduce 
mortality from pest attack (Carvalho 2007). The best growth of mogno is in mixed systems 
with generally no more than 20 mogno trees per hectare (carvalho 2007) 
Teca 
Teca (Tectona grandis) is a native tropical tree of southeast asia that occurs between 
10 and 25 South latitude. Despite its favoritism for tropical regions it can be found at a high 
range of altitudes (0 to 1300m). Teca has been introduced to a number of other regions 
including tropical Africa and parts of latin America, including Honduras. In Brasil, teca was 
introduced only 80 years ago (EMBRAPA 2004). 
The trunk of the Tectona grandis is straight with a thick bark layer that protects it from 
fire damage. Teca is a flowering tree that produces small brown fruits after 5 or 6 years of 
age. Teca trees generally mature when reaching 25 to 35 m and a DBH of 100 cm or more. 
Teca has relatively high nutrient demands and grows well on soils that are nearly neutral and 
well drained. Typically, teca is managed in 25 year cycles, but cultivation can extend up to 60 
and 80 years.  According to EMBRAPA (2004), the optimal spacing for teca growth has been 
found to be 2.5m by 2.5m, but a spacing of 3.5m by 2m also yield similar results. Teca 
struggles with ants, pests, and other diseases that can compromise growth (EMBRAPA 2004) 
Teca wood is prized highly in Europe for its high quality and it often used for fine 
décor, interiors, and speacialty furnishings (EMBRAPA 2004). The wood density is similar to 
that of mogno and thus possesses similar qualities of stability and resistance to rotting, 
cracking, and warping—perfect for lamination and plywood for construction.  
It is important to take into consideration these differing tree morphologies in order to 
understand how these species are interacting with the available nutrients and tree spacings 
between and within agroforestry systems. 
 
Objectives 
This study seeks to explore the way in which agroforestry systems are being affected by 
spacing while taking into consideration prior land-use history (i.e. burning or mulching). As 
the benefits of agroforestry are inherently long-term and dynamic, tracing SAF changes 
through time are important for understanding the way in which the benefits of intercropped 
woody species are being actualized temporally. The objectives of this project were to: 
1. Examine the relationship between agroforestry design—spacing, arrangement, and 
number of species—and tree growth (height and diameter) by using GIS to catalog 
differences within and between SAFs.   
2. Set the conditions for long term monitoring of SAFs in Projeto Tipitamba by bringing 
together existing data (GPS coordinates, soil nutrient data, etc) and creating spatially 
referenced point (tree) and parcel (agriculturalists’ property) shapefiles and database 
files. 
3. Show that, regardless of previous land-use history, trees in agroforestry systems are 
growing successfully on intensively used soils and that tree growth is responding in 
ways unique to differences in land preparation methods (burning versus mulching).  
Methods  
Study sites 
 Small farmers in Pará own only 16% of land, but are producing ~64% of food in local 
and regional markets--small farmers are important in the agricultural production of the region 
(Denich, M. et al , 2005). As a result, establishing the conditions for and sustaining fire-free, 
small farmer production systems has important social, economic, and environmental benefits.  
This study focuses on the communities of Nossa Senhora de Rosario and São Jõao in 
the municipalities of Igarapé-Açu and Marapinim. The SAFs in this study were selected based 
on their uniquely different arrangement and density of trees in the sistema as well as the 
different ways in which the areas were prepared prior to planting. This study is comprised of a 
widely-spaced, low-density area (5x10m; 142trees/0.42ha—burned), a narrowly-spaced, high-
density area (2x2m; 526 trees/0.45ha—burned), and a intermediary area, with medium-
spacing and medium-density area (4x4m; 415trees/0.77ha—mulched). 
 
Data collection/Methods/techniques: 
This study is the product of primary field research and the compilation and analysis of 
pre-existing data.  
In the field, tree diameter and height and the design (aka “croqui”) of the SAFs were 
procured using various techniques and parameters. 
 First, the extent of the SAF was measured using measuring tape (50m) and then 
confirmed using an interview (question number 3).  
Second, tree height for trees less than 15m (height < 15m) was measured using a meter 
stick that was placed at the base of the tree and then extended until the tip of the stick reached 
the tallest point of the tree. The “metro” is a height measuring device that consisted of a series 
of extendable tubes that extended to approximately 15.65 meters. (Side note: The “metro” was 
missing the first meter of tubing—thus started the count at “2”. The “metro” was also missing 
pegs to keep each tubing extension in place, so pieces of “pau” (sticks), were used to keep 
each tubing extension in place.) For açai, because it often times exists in clumps of three or 
four, only the diameter and the height of the tallest palm was measured. For trees taller than 
15m (height > 15m; Usually for Paricá), height was calculated using simple proportions: 
Heightperson / Distanceshadowperson= Heighttree / Distanceshadowtree   
 Height was not taken for laranja, limão, tanjarina, or graviola. Once out of the field, tree 
height numbers were imputed into Microsoft Excel and then averaged.  
Third, tree diameter was taken using a “paquimetro”, or digital caliper, at breast height in 
millimeters (mm).  The paquimetro was used only for trees in which the tips of the measuring 
device could reach the center of the tree. For trees with a larger diameter, DBH was taken 
using DBH measuring tape. DBH was only taken for trees that were alive, trees/palms with a 
height greater (>) than 1.65m. Furthermore, for açai, DBH was only taken for the tallest of the 
bunch. Tree diameter was not taken for laranja, limão, tanjarina, or graviola. Again, once out 
of the field, data from tree diameter were imputed into Microsoft Excel and then averaged.  
After tree diameter and height were collected for each row of tree crops, a “croqui” (aka 
sketch; see Appendix A.3 – A.5 for examples) was drawn of the tree number, arrangement, 
and species present in the respective rows. Because height and diameter were not measured 
for all of the tree crops in the SAF, the croqui was completed after it was determined that a 
significant amount of samples had been collected (+100 individuals from the SAF).The croqui 
only noted the tallest of açai bunches, trees/palms that were alive, and all non-fruit producing 
species (Teca, parica, and mogno). Spacing was catalogued using meter tape and then 
confirmed by the agriculturalist. Once out of the field, the number of trees and species per 
hectare (ha) and meters squared (m2) were imputed into a simple grid using Microsoft Excel.  
 
Interviews: 
A basic land-use history and management interview was conducted before or after data 
collection. Only two interviews were collected from agriculturalists Antonio Macio Perreira 
and Arnaldo Martins. The interviews give a general history of land use and recent land 
management practices. The interview questions can be found in the Appendix A.1   
The most important to note are the fertilizer use and if and when the land had been 
slashed-and-burned within the last 10 years. These interviews gave insight into the conditions 
before the sistema was created and establish a foundation from which to compare the 
properties of Antonio Macio Pereirra and Arnarldo Martins.  







Geographic Information System of Agroforestry Systems: 
 An open-source geographic information system (GIS) program (Quantum GIS 
Wroclaw V. 1.7.2,  2011) was used to create spatially referenced vector maps cataloguing the 
spacing, distribution, number, and species of trees present in the agroforestry systems in 
Projeto Tipitamba. Shapefiles of the municipalities were taken from the Instituto Brasilero de 
Geografia e Estatistica (IBGE) and coupled with geographic position data from GoogleMaps 
and DiRocco (2011). Because Quantum GIS does not accept degree minutes as an acceptable 
format for latitude and longitude, the geographic position data was converted from degree 
minutes to decimal degrees using (www.earthpoint.us/convert) and then input into Microsoft 
Excel.  The Microsoft Excel sheets was saved as text (.txt) files and then added to the maps as 
a “delimited text layer.” After the coordinates were used to locate the agriculturalists in 
Projeto Tipitamba, parcel layers were added to the GIS for each agriculturalist after which the 
coordinates of the parcel boundaries were connected via the “layer editing functions”. The 
parcel locations and boundaries were confirmed using the “GoogleMaps Plug-in”—a function 
in Quantum GIS that allows users to overlay GoogleMaps Physical, Satellite, Road, and 
Hybrid (combination of images) images below the existing layers in the GIS project. After the 
parcels were created, each area was differentiated based on their land use characteristics—
burned or mulched and SAF or without SAF—by adding attributes to each of the parcels. 
Unique numbers were also assigned to each agriculturalist to differentiate between properties.  
Once the parcel layers were prepared, vector points were created to represent each tree for 
the three agroforestry systems in this study and given its appropriate attributes 
(diameter[mm], height[cm], and species). Distinct symbols were assigned to açai, mogno, 
paricá and teca, while simple “x’s” and crosses were used to symbolize species that were not 
measured in the study (laranja, limão, cupuaçu, graviola, and cacau).  Each tree species was 
given a distinct identification code for standardization across SAFs (Mogno[1], teca[2], 
açai[3], paricá[4], cupuaçu[5], laranja[6], limão[7], and graviola[8]). Distances between trees 
were measured using the measuring tool in Quantum GIS, but as tree spacing in reality is not 
exact, the locations of trees in the GIS may not exactly reflect the existing conditions. 
Acquiring GPS coordinates for each tree would resolve this method of estimation.  
These maps will allow both SAF managers (EMBRAPA and Agriculturalists) and people 
unfamiliar with the project to visualize the spatial distribution of tree crops in relation to the 
size of the SAF. The vector maps that were created using the GIS will allow viewers to see 
how the design, arrangement, and distribution of trees may be affecting tree growth between 
SAFs. As these attributes continue to be collected, a more thorough and comprehensive 
database of tree characteristics and growth, soil conditions, and land-use history will be 
created. Furthermore, the vector maps will allow for additional spatial analysis within and 
between SAFs as more data is procured.  
 
Data 
The three areas that were studied are owned by Lauro Pinheiro, Arnaldo Martins, and Antonio 







































II. Density (total number of products/hectare) of Trees in the Sistema:  






Antonio macio perreira 
(triturada) 
Date of data 
collection 26/07/2011 15/11/2011 16/11 – 17/11/ 2011 
SAF # SAF1 SAF1 SAF1 
size(há) 0,42 0,45 0,77 
total # of products 158 526 415 
Diversity of Species 
in SAF 4 8 6 
        
Mogno 33 32 11 
Paricá 0 90 83 
Teca 54 109 27 
Açai 33 130 153 
Cupuaçu 38 13 0 
Graviola 0 51 0 
Laranja 0 56 77 
Limão 0 45 64 
 
III. Average height and Diameter at Breast Height (DBH) between SAFs: 
  Average height (m) and DBH 
   Average Height (m) DBH (cm) 
 Mogno 4,58(±2,07) 5,233(±1,942) 
Lauro Pinheiro Teca 8,4(±2,02) 8,77(±2,410) 
 Açai 5,14(±1,56) 7,24(±2,188) 
 Paricá n/a n/a 
  Average Height (m) DBH (cm) 
 Mogno 3,8 (± 1.87) 3,48 (± 2,14) 
Arnaldo Martins Teca 7,6 (± 2.35) 7,16 (± 1,583) 
 Açai 3,7 (± 1.25)  7,33 (± 1,555) 
 Paricá 4,8 (± 4.49) 4,94 (± 2,904) 
  Average Height (m) DBH (cm) 
 Mogno 4,37(± 2,07) 5,067(± 2,062) 
Antonio Pereira Teca 4,82(± 1,36) 7,515(± 2,505) 
 Açai 3,44(± 1,5) 6,062(± 2,062) 













I. Spacing and Arrangement 
 Each of the agriculturists, with the help of EMBRAPA’s forest engineers, deliberately 
arranged their sistemas with certain production goals in mind. As a result, the three 
agroforestry systems were composed of varying sizes, densities, and arrangements.  
 Lauro’s SAF was the smallest and the least densely planted sistema of the three areas. 
Prior to establishing his SAF, the land had been felled and burned. In relative numbers, Lauro 
is producing the least amount of tree products per hectare than are Antonio Pereira and 
Arnaldo Martins; Antonio Pereira and Arnaldo Martins are producing approximately 1.4x  
and 3.1x more products per hectare than Lauro, respectively.  Furthermore, Lauro’s property 
had the highest number of tree mortality (only açai and cupuaçu) between the three sistemas 
as well the as the highest number of replanted species—cupuaçu and açai mortality was 
highest on the south-east end of the SAF in the rows of nearest to the intercropped rows of 
teca and mogno. Of the original 133 combined açai and cupuaçu trees in the system, only 55 
were currently alive.  
 Lauro’s SAF consisted of 16 rows of tree crops: 6 rows of intercropped teca and açai, 
1 row of intercropped mogno and açai, 2 monocropped rows of mogno, and 7 rows of 
cupuaçu—the rows of cupuaçu serving to divide the rows of mixed tree crops. Except for 4 
rows in the sistema, the other 12 rows consisted of 11 teca or mogno trees interspersed with 
11 açai palms. The distance between trees of the same species in this SAF was 5x10m while 
the distance between individuals in the SAF was ~2.5x5m. Lauro’s sistema was highly 
structured, each tree spaced based on the perceived spatial needs of the lumber trees.  
 The agroforestry system of Arnaldo Martins, like Lauro’s area, was prepared by 
slashing-and-burning. Unlike, Lauro, however, Arnaldo’s sistema had twice as much tree 
diversity. The tree crops in Arnaldo’s sistema were planted with relatively little space 
between and within rows. While the distance between rows was ~2m, the spacing within each 
row varied depending on the species; for all of the trees, except for 1 row of mogno, the 
distance between trees was ~4 within each row. In general, the spacing between individuals 
was ~2x2m and the spacing between mogno, açai, paricá, and teca, excluding laranja, limão, 
graviola, and cupuaçu, was ~4x4m.  
 The arrangement of Arnaldo’s area can best be described as 10 rows of açai palms 
spaced ~4x10m apart in which 3 rows of woody tree crops were “sandwiched” in-between in 
an alternating fashion. Thus, the spacing between rows was ~2m. There are only 3 rows of 
mogno in the sistema that were spaced more than 15m apart from one another. Furthermore, 
teca and paricá had unique spatial distributions in the SAF—teca was planted in the center of 
the area, while the paricá were distributed in rows towards the edges of the property. In this 
SAF, different tree species were not arranged in the same row, rather each row was its own 
unique species. The structure in Arnaldo’s SAF was well-maintained throughout the property.  
 The SAF of Antonio Pereira, was the largest in area. Antonio’s SAF was less 
structured and planted at a medium density in relativity to the other study areas.  Because açai 
was randomly intercropped between the evenly distributed rows of laranja/limão and paricá, 
the spacing of trees within rows is more random. Distances between individuals in the SAF is 
~3 to ~5 m, whereas distances between species—paricá, laranja/limão, teca and mogno—was 
~5.5x8m in the larger section and ~6x6m in the two smaller sections of the area.  
III. Diameter and Height Differences: 
Average diameter and height was variable across the three sistemas—each tree 
responding differently to the existing site conditions. Each tree species is discussed 
individually in relation to the spacing and arrangement of its respective area.  
Mogno 
Average mogno growth was highest for height and diameter on Senhor Lauro’s SAF 
relative to the other study areas. Based on the spatial differences as cataloged by the map, it is 
apparent that the mogno in Lauro’s sistema is well spaced away from other resource 
demanding tree crops. Furthermore, the spacing in this sistema between mogno and the other 
trees is the highest between the three sistemas (5x10m). While average height and diameter 
are greatest on Lauro’s SAF, the height and DBH of mogno in Antonio Pereira’s SAF were 
not significantly different (Difference in height = 0.21m; difference in DBH=0.16cm).  
There were three rows of mogno present in Arnaldo’s sistema. While one row of 
mogno was spaced ~2x8m (number of trees per row =5), the two other rows were spaced 
much more tightly in a row of ~2x4m (number of trees per row =14). In this sistema, the rows 
of mogno were planted in between either two rows of laranja or in between a row of laranja 
and açai. As mogno is a highly nutrient demanding lumber tree, it is possible that the density 
of this sistema is hindering the upward and outward growth of mogno. 
Antonio Pereira had the least amount of mogno between all three sistemas (number = 
11). Average height and DBH were similar to those on Lauro’s SAF. The mogno in Antonio’s 
sistema were distributed much more widely throughout the SAF relative to the other areas, 
often times interspersed between rows of paricá and planted near açai and laranja and at some 
points, even teca. 
Parica 
 DBH and height growth for paricá was the highest on Antonio’s SAF. There were 9 
rows of paricá, with a total of 83 trees on the property. Here, paricá was spaced between ~3m 
and ~5m and thus matched the ideal growing spacing which was found to be 4x4m(Rondon 
2002). In between the rows of paricá were interplanted rows of açai, teca, and mogno, but the 
spacing was such that the paricá did not seem to be affected by their proximity. Furthermore, 
as Antonio’s land was treated with the mulch technology, nutrient competition between 
species, in this case, may not be hindering paricá growth. 
There were a total of 7 rows of paricá in Arnaldo’s sistema. Both height and DBH of 
the paricá in this sistema were 2.5 and 3.49 times smaller, respectively, than the paricá in 
Antonio’s SAF. Here, competition for nutrients in a more nutrient-limited, burned area, 
coupled with a very densely planted arrangement may be restricting paricá growth. Ideal 
growth as mentioned above for paricá was found to be spacing between 4x3m or 4x4m—here, 
spacing is less than ideal for this species.  
Paricá was absent from Lauro’s SAF. 
Teca 
Average height and DBH for teca was greatest in Lauro’s SAF relative to the two 
other sistemas. Despite having high growth of teca, the cupuaçu and açai in this sistema 
interspersed with the teca tree had a high number of mortality. In this case, teca growth in this 
system can be explained in several different lights. First, the spacing (2.5x5) of the teca tree is 
similar to that of the ideal spacing (2.5x2.5). Second, teca grows favorably on nearly neutral 
soil, thus as soil alkalinity increases with burning, the soil pH may be more favorable to teca 
growth—a possible corollary for explaining teca’s height growth differences between the 
areas that had been prepared by burning (Arnaldo and Lauro) and the area that had been 
prepared by mulching (Antonio). Third, teca may be outcompeting açai and cupuaçu for soil 
resources and may be inducing a sort of natural thinning of other species in order to promote 
its own growth.  
 In Arnaldo’s sistema there were a total of 7 rows of teca that were planted in 
alternating rows between açai and laranja/limão. Teca was concentrated towards the middle of 
the SAF and planted closely to the other individuals in the sistema. Height growth for teca, 
though lower than on Lauro’s SAF, was greater than on Antonio’s area. While there seems to 
exist higher competition for resources in this sistema, the spacing was ~2x2m, which was 
more similar to the ideal spacing as found in previous studies. Furthermore, this spacing 
would encourage more height growth than diameter growth because the teca trees may be 
more inclined to grow upward to outcompete other species for light.  
In Antonio’s property, teca height was the lowest among the three studied SAFs, but 
average diameter was roughly similar to that of the other two areas. Teca DBH on Antonio’s 
property was marginally higher than that of Arnaldo (difference =0.4cm ) and, on average, 
only 1.26cm less wide than Lauro’s. In this sistema, teca was planted in 4 rows, three of 
which are planted in spacings of ~2.5 x ~9m and one of which is ~5 x 5m. Here, the spacing 
may be less conducive to upward height growth because of the close proximity of paricá. 
Açai  
 For the açai that survived on Lauro’s property, açai grew on average much taller than 
on the other SAFs. Here, the surviving açai were located further away from the south-east end 
of the property where the mogno was located. DBH was insignificantly lower than on 
Arnaldo’s property (difference=0.9cm) which may indicate that the open growth conditions in 
Lauro’s SAF may promote more upward growth, whereas Arnaldo’s densely planted sistema, 
though restricting upward growth, is still allowing for outward growth of this species.  
 While açai height was similar on Arnaldo’s property to Antonio’s, average DBH was 
highest in this sistema than the other two SAFs. Again, while the DBH differences between 
Antonio and Lauro’s property were relatively insignificant, it is interesting to note the trade 
off here between height and DBH between two very differently spaced sistemas.  
 Average açai height and diameter on Antonio’s property were the lowest of the three 
sistemas. While height growth was only marginally different between the Arnaldo and 
Antonio’s property (difference = 0.26m), differences in DBH were more pronounced.  
 It must be noted for açai, that upward growth is less important than outward growth. 
As increases in açai height growth increase the labor input, agriculturalists are better able to 
extract açai from shorter açai palms rather than on taller ones.  
Summary 
In summary, Lauro Pinheiro’s property was burned, had the most widely spaced tree 
crops, and the lowest diversity and trees per hectare of the three agroforestry systems in this 
study. While there was high morality, there was also high growth for the surviving species. In 
Lauro’s area there seemed to be a trade-off between diversity and quantity for quality of a 
lower-diversity of production.  
Arnaldo Martin’s property was also burned, but had the highest diversity, the highest 
number of tree crops, and was the most densely spaced. There was low mortality and 
depending on the species, there was either more upward growth or more outward growth (of 
the trunk), but not both; upward growth was higher for teca and outward growth for açai. 
Although densely planted, Arnaldo’s property may be coping better with having been slashed 
and burned because the density of the sistema may provide a better recycling of nutrients 
through organic matter than in Lauro’s SAF. This may provide an explanation for why, 
despite the land-use history, Arnaldo’s SAF is supporting a higher diversity and density of 
plants than on Lauro’s area.  
Lastly, Antonio Pereira’s sistema was treated with mulch technology, had a high 
diversity of tree crops, and was characterized by a medium spacing. For mogno and paricá 
there was both more upward and outward growth. For teca, however, there was more outward 
growth relative to height. In this SAF, tree growth in certain species seemed to be less 
affected by proximity to other species and thus shows signs that the land is better able to 
support distributions of tree crops in a less spatially dependent manner—an important 




 The first steps to reducing deforestation and degradation lay in guaranteeing current 
and future agriculturalists that agroforestry systems will grow, develop, and sustain 
production over a long period of time. Farmers concerned with the long-term benefits of 
agroforestry and the nutrient demands of lumber trees, such as mogno, teca, and paricá on 
their systems may be concerned with the way in which the distribution of such crops may 
inhibit or promote the growth of the other tree crops within their systems based on their land-
use history. According to spatial distribution of tree crops and the characteristics of tree 
growth measured in this study, several possible conclusions can be drawn.  
 On a species level, mogno growth seemed to be affected more by spacing and 
proximity and/or distance to other tree species on burned areas, but affected less in the 
sistema that had been mulched. While, in an absolute sense, mogno growth was highest on a 
property that had been burned prior to planting, the insignificant differences between the 
height and DBH between the burned and mulched areas suggests that land-use history is 
influencing the way in which species arrangement is affecting mogno growth.    
 For teca, observations would suggest that, while growth may not be affected by the 
nearness of açai and laranja, tree growth may be affected by proximity to paricá. In both 
Arnaldo’s and Antonio’s SAFs, the location of teca near paricá had lower DBH than did the 
teca on Lauro’s property. As a result, suggestions for the planting of teca can be made when 
developing new agroforestry systems such that, in order to maximize upward and outward 
growth of teca, it should be spaced with awareness of paricá placement in the system. 
 With respect to paricá, this study can confirm that paricá grows taller and wider in 
more open growth conditions and, given the right spacing, can grow to favorable heights and 
diameters within a relatively short period of time. Furthermore, this study suggests that paricá 
may be responding more favorably to the mulch treatment, despite the fact that paricá still 
grows well on highly disturbed and burned soils. 
As the agroforestry systems in this study are all continuing to grow and recuperate the 
degraded soils on which they exist, tree growth is occurring differently based on spacing and 
land-use history. In consideration of the trade-offs between burning and mulching, it becomes 
apparent that the growth differences between species in a sistema are not justified by burning. 
While in an absolute sense, the trees on the burned area were taller and wider, the differences 
in diameter between the SAFs were insignificant. The important take away from this is that 
trees in all three systems are continuing to grow despite previous land use. It has been 
observed that: one, some spacings and species choices may promote faster growth of some 
trees over others and, two, that tree growth can be affected more by spacing and species 
distributions  depending on how the land was prepared in the past. Of paramount importance, 
however, is that both socially and economically important tree crops can be grown in tandem 
with relative success, satisfying both short-term and long-term needs, regardless of it being 
burned or mulched. Thus, the long-term sustainability of agriculture and ecosystem services 
in the Zona Bragantina is not so much a question of whether or not the highly, degraded 
agricultural soils can provide the necessary resources for tree growth, rather it is matter of 
personal choice and a question of access to information, institutional support, and markets that 
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A.1 Interview Questions and Answers 
 Nome De Agricultor/Communidade  
Questions Arnaldo Martins / Nossa Senhora do Rosario 
Antonio Macio Perreira / Nossa 
Senhora do Rosario 
1. Quantos anos estão na 
propriedade? 10 anos 5 anos 
2. Qual o tamanho da 
propriedade? 200 x 650 m 18 tarefas ou ~5ha 
3. Qual o tamanho do SAF 
(sistema)? 1 ha ou 3.5 tarefas 3 tarefas  
4. Quantos anos têm o SAF’s? 
(sistema) 5 anos; Inicio em 2006 5 anos; Inicio em 2006 
5.Quais as espécies que 
compõem o sistema (SAF’s)? 
Fruit: Açai, Limão, Laranja, Graviola, Cupuaçu; 
Wood: Teca, Paricá, Mogno 
Fruit: Açai, Limão, Laranja; Wood: 
Teca, Paricá, Mogno 
6. Como o senhor escolheu as 
especies do sistema? O 
espaçamento? 
Por Limão, Laranja, Açai, Graviola, and Paricá: 
5 x 5; Por Teca: 5 x 6; Por Mogno: 15 x 15; 
Pelo produção mercado 
4 x 4m por tudo; pelo produção 
mercado 
7.As espécies do sistema já foi 
adubado? Quais os adubos 
utilizados? 
Si; Quimico; NPK (10-28-20); ARAD; 
ESTERCO 
Si, Já foi; 18-18 Crecimento; 10-28-
20 NPK; Carrego 
8.Usou algum tipo de 
agrotóxico (veneno) no 
sistema? veneo alternativo não 
9.Como foi feito o preparo de 
área? Quando? Quimado (burned) em 2002 triturado; roçado 
10.O que foi já foi plantado 
antes do sistema nessa área? 
The first time he prepared the land in 2002 - 
Mandioca + Pimento do Reino - queimado roça 
11. O que foi plantado quando 
o senhor preparou essa área? 
He cleared the mandioca and planted Pimento 
Do Reino + Maracuja; until 2005 feijão 
12. O senhor ainda queima a 
propriedade?  Não Não 
13. O senhor tem problemas 
com doenças de plantas? 
Quais? Por enquanto não não 
14. Quais são as colheitas para 
vender? Quantos estão 
produzindo cada ano?  
Farinha da Mandioca, Maracuja, Pimento do 
Reino; Produção puoca; Mesmo sendo pouco e 
satisfatorio. 
Farinha da Mandioca, Maracuja; 5 
sacos de Limão; Açai ainda não 
produzindo; pouco ainda 
15. Os sistemas (SAFs) 
produzem bem?  Laranja and Açai produzem bem. não por causa do mato  
*Interviews were used to find out : 1. How long the agriculturalist has been on the property, 2. The general size 
of the property, 3. The size of the SAF, 4. How long the SAF has been part of the agriculturalists’ property, 5. 
What species are part of the SAF, 6. How the agriculturalist chose the species and the spacing, 7. If the land was 
fertilized and with what, 8. If any agricultural herbicides or pesticides are used, 9. How the land was prepared, 
10. What was planted before the SAF, 11. What was planted when the agriculturalist prepared the land at first, 
12. If the agriculturalist still burns the land, 13. If the agriculturalist has problems with plant diseases and 





LATITUDE LONGITUDE AGRICULTOR COMMUNIDADE MUNICIP 
-01.0339444  -047.6407222 JOSÉ_PEREIRA SAO_JOAO  MARAPINIM 
-01.0298889 -047.6490556 JOAO_PEREIRA SAO_JOAO  MARAPINIM 
-01.0276389 -047.6357500 PAULO SAO_JOAO  MARAPINIM 
-01.0110000 -047.6442778 JOAO_BARROS SAO_JOAO  MARAPINIM 
-01.0103611 -047.6458889 LAURO SAO_JOAO  MARAPINIM 
-01.0093889 -047.6463611 GORDINHO SAO_JOAO  MARAPINIM 
-01.0063611 -047.6509167 EDVAELDO SAO_JOAO  MARAPINIM 
-00.9962778 -047.6593056 ADAILSON SAO_JOAO  MARAPINIM 
-01.0012500 -047.6636944 MACHADINHO SAO_JOAO  MARAPINIM 
-00.9789444 -047.6423333 RAUL SAO_JOAO  MARAPINIM 
-01.0048889 -047.6326111 RAMIRO SAO_JOAO  MARAPINIM 
-01.0070278 -047.6333056 MANOEL SAO_JOAO  MARAPINIM 
-01.0025278 -047.6312500 FRANCISCA SAO_JOAO  MARAPINIM 
-01.0088611 -047.6315278 ORLANDO SAO_JOAO  MARAPINIM 
-00.9985278 -047.6268333 JOSE_PALHETA SAO_JOAO  MARAPINIM 
-01.0689722 -047.6323056 NAZARENO NOVO_BRASIL_APARECIDA MARAPINIM 
-01.0617778 -047.6417500 JULIANA NOVO_BRASIL_APARECIDA MARAPINIM 
-01.0253889 -047.6243056 REINALDO NOVO_BRASIL_APARECIDA MARAPINIM 
-01.0235000 -047.6250556 ALCANTARA NOVO_BRASIL_APARECIDA MARAPINIM 
-01.0338889 -047.6211667 LAURIMAR NOVO_BRASIL_APARECIDA MARAPINIM 
-01.0340278 -047.6181667 ANT_MOREIRA NOVO_BRASIL_APARECIDA MARAPINIM 
-01.0671111 -047.6141944 PAULINHO NOVO_BRASIL_APARECIDA MARAPINIM 
-01.0676667 -047.5940833 JOAO_BRAGA NOVO_BRASIL_APARECIDA MARAPINIM 
-01.0488611 -047.5931389 NENGO NOVO_BRASIL_APARECIDA MARAPINIM 
-01.0482778 -047.5938889 ELIAS NOVO_BRASIL_APARECIDA MARAPINIM 
-01.0486389 -047.6207778 CABEÇAO NOVO_BRASIL_APARECIDA MARAPINIM 
-01.0745833 -047.6122500 AROLDO NOVO_BRASIL_APARECIDA MARAPINIM 
-01.0545278 -047.5020278 JANDERSON NOVA_OLINDA IGARAPE_AÇU 
-01.0504167 -01.0504167 JUCELINO NOVA_OLINDA IGARAPE_AÇU 
-01.0493333 -047.4998056 IRAPEUA NOVA_OLINDA IGARAPE_AÇU 
-01.0439167 -047.4983611 BARBARE NOVA_OLINDA IGARAPE_AÇU 
-01.0424167 -047.4956389 ALDIR NOVA_OLINDA IGARAPE_AÇU 
-01.0418056 -047.4961111 MARIENE NOVA_OLINDA IGARAPE_AÇU 
-01.0406389 -047.4958611 ZE_LUIS NOVA_OLINDA IGARAPE_AÇU 
-01.0332778 -047.4745556 IVANIR NOVA_OLINDA IGARAPE_AÇU 
-01.0323333 -047.4733056 CHICO NOVA_OLINDA IGARAPE_AÇU 
-01.0315278 -047.4615000 FRANCA NOVA_OLINDA IGARAPE_AÇU 
-01.1903056 -047.5336944 ARNALDO_MARTINS NOSSA_SENHORA_DO_ROSARIO IGARAPE_AÇU 
-01.1725833 -047.5536111 MOACIR NOSSA_SENHORA_DO_ROSARIO IGARAPE_AÇU 
-01.1723611 -047.5041944 MARIA NOSSA_SENHORA_DO_ROSARIO IGARAPE_AÇU 
-01.1762500 -047.5624444 ANT_GOMES NOSSA_SENHORA_DO_ROSARIO IGARAPE_AÇU 


















A.3 Orignial Croquis – Excel File: Lauro Pinheiro – Courtesy of EMBRAPA 2011 
inicio 83 m
A A A A A A
C T C T C T C T C T C M C M M
50 m A A A A A A A 65 m
T C T C T C T C T C T C M C M M
A A A A A A A
T C T C T C T C T C T C M C M M
A A A A A A A
T C T C T C T C T C T C M C M M
A A A A A A A
T C T C T C T C T C T C M C M M
A A A A A A A
C T C T C T C T C T C M C M M
A A A A A
C T C T C T C T C M C M M
A A A A A
T C T C T C T C M C M M
15 m A A A A A
T C T C T C T C M C M M
A A A A A
T C T C T C T C M C M M
A A A A A












A.4 Original Croquis - Excel file: Arnaldo Martins 
P
G T La T T La M La T La T
A A A A A A A P P
Li Li Li
La G M T G C T G T La T T La M La T La T P A P A
A A A A A A A
P P
La G M T G C T G T La T T La M La T La T Li M Li Li
A A A A A A A A A A
P P
La G M T G C G T G T La T T La M La T La T
A A A A A A A P Li P Li P Li
A A A
P La P P G M T G P C G T G T La T T La M La T La T P P P
A A A A A A A
Li Li Li
56 P P P P P M A P A P A
La G M T G C G T G T La T T La M La T La T
A A A A A A A
P P P P P P P
Li Li Li
La G M T G C G T G T La T T La M La T La T A A A
P P A P A P A A A A A P P P
P La P P G M T G P C G T G T La T T La M La T La T P Li P Li P Li
A A A A A A A A A A
M
P P P P P P P
La G M T G C G T G T La T T La M La T La T
A A A A A A A Li Li Li
P P P P P A P A P A
La G M T G C G T G T La T T La M La T La T
P P A P A P A A A A A P P P
Li Li Li
A A A
P La P P G M T G P C G T G T La T T La M La T La T P P P
A A A A A A A M
P P P P P Li P Li P Li
La G M T G C G T G T La T T La M La T La T A A A
A A A A A A A
P P P P P P P
Li Li Li
P La P P G M T G P C G T G T La T T La M La T La T P A P A P A
A A A A A A A
P P P P P M P P
La G M T G C G T G T La T T La M La T La T Li Li Li











Li P P Li
T T
A
Li A A P A P
A La La Li Li
La P P
P Li T La
A T T
A La A
A Li Li Li
Li A A
P La P P
A La La
A
A A P Li La T La Li Li T P Li
P P
La A
A T A P
A
Li A A A A P La P La Li Li Li Li
La La
T T
A P P Li La
P P P P
La A A A La Li Li MAURUCI Li Li
A A
A A T A
A La P
A Li La P T La T T
La P Li Li Li Li
A P A P Li La
Li P P A A A A
A M P
A Li La A A
T La Li Li Li Li Li
A A A A La P La La P T P T
A A A
A Li P P La Li A La
Li P P T La Li Li Li Li Li
A A A A
A A P P
La A A T T T M
M A A Li A La P La P La P
La A La Li Li Li Li Li
A
A P P La La La
Li P P A A
Li A A
A La A A A
T T
A A La P La P La P
A A La A
A
A P A P La La La
Li P P A A A
A
A A
A A A La
A A A La P A P La P
A A La
A T
A P P La La A La
Li P P A A
A
A A
A A A A
A La A A La P La P La P
A
A P P La La La
A A M A
T
A A A A A A A
A La A
La P La P La P
A
A P P La La La
A A M A
A A A A
La A A A A
A
A A La P T La P La P
A
A
A P P La La La
A A A M A
La M La A
A A
A La P La P La P
A
T






• Free image design program: “Paint.net” 
• Quantum GIS: http://www.qgis.org/ 
 
